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shift registers are divided into groups arranged 1n sequence,

wherein the driving signal from a first one of a N+17 group
of shift registers 1s next to the driving signal from a first one
of a N” group of shift registers; and at least one first
compensation circuit connected to the last one of the N
group of shift registers and the first one of the N+1? group
of shift registers, wherein the first compensation circuit
provides a first control signal to enable the last one of the N**
group of shift registers to perform signal holding, and
provides a second control signal to enable the first one of the
N+17 group of shift registers to perform pre-charging,
wherein N 1s an integer greater than zero.
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IMAGE DISPLAY SYSTEMS AND GATE

DRIVING CIRCUITS THAT INCLUDE A

COMPENSATION CIRCUIT AND SHIFT
REGISTERS

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application claims priority of Taiwan Patent Appli-
cation No. 104120474, filed on Jun. 25, 2015, the entirety of

which 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a shift register module,
and 1n particular to a gate driving circuit integrated with a
touch display panel.

Description of the Related Art

Shift registers are used widely 1n data transmission cir-
cuits for controlling the timing of receiving data signals at
respective data lines, and they are used in gate driving
circuits for generating gate driving signals at respective gate
lines. In data transmission circuits, the shift registers are
arranged to output a selection signal to respective data lines,
and 1mage data can be written 1nto respective data lines 1n
sequence. Furthermore, 1 gate driving circuits, the shift
registers are arranged to provide a scan signal to a respective
gate line to turn on the pixels of the pixel matrix in sequence,
so that the image signal can be written to the respective data
lines.

Recently, amorphous silicon TFT gate driver circuit
(ASG) technology has been developed. In ASG technology,
a gate driving circuit comprising thin film transistors (TFTs)
1s directly integrated into the display panel (1.e., the glass
substrate of the display) during the amorphous silicon TFT
process to take the place of gate driver chips. This technol-
ogy also 1s called gate driver on panel (GOP) technology.

Thus, the fabrication cost and cycle time can be reduced by
ASG technology or GOP technology to reduce the use of
chips 1n the display panel.

In current in-cell touch display panels, the touch function
1s integrated into the display pixels, and thus, there 1s no
need to iclude a touch device other than display pixels mnto
the display panel. For example, the touch function 1s inte-
grated into liquid-crystal display (LCD) pixels or OLED
pixels, and the touch function 1s implemented by using the
clectrode structures of the display pixel, so there 1s no need
for additional touch structures. For example, when the
in-cell touch display panel 1s a fringe field switch (FFS)
LCD device, 1ts common electrodes are usually patterned
and divided mto several portions to serve as touch sensing
clectrodes, so that the overall thickness and weight of the
touch display panel can be reduced. Because the touch
function 1s integrated into the LCD display pixels, each
frame should be divided to include one or more touch
sensing periods for touch detection. However, during the
touch sensing periods, clock signals provided to the shift
registers 1n the gate driving circuit are suspended or paused,
and the nising edges or falling edges of gate driving signals
from some shift registers are improperly extended, and the
display quality of the touch display panel 1s degraded. Thus,
there 1s a need for a new shift register structure capable of
solving this problem.

BRIEF SUMMARY OF THE INVENTION

A detailed description 1s given 1n the following embodi-
ments with reference to the accompanying drawings.
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2

The present invention provides an embodiment of an
image display system. The image display system comprises
a touch display panel, comprising a pixel matrix with a
plurality of pixels; and a gate driving circuit, arranged to
generate a plurality of gate driving signals to drive the pixels
on the touch display panel according to a group of clock
signals. The gate driving circuit comprises a plurality of shift
registers, arranged to output the gate driving signals in
sequence, wherein the plurality of shift registers are divided
into groups arranged in sequence, and in adjacent N and
N+17 groups of shift registers of the groups, the driving
signal from a first one of the N+17 group of shift registers
is next to the driving signal from a last one of the N group
of shift registers; and at least one first compensation circuit,
disposed between the adjacent N” and N+1? groups of shift
registers, and connected to the last one of the N” group of
shift registers and the first one of the N+17 group of shift
registers. The first compensation circuit provides a first
control signal to enable the last one of the N” group of shift
registers to perform signal holding, and provides a second
control signal to enable the first one of the N+1? group of
shift registers to perform pre-charging, wherein N 1s an
integer greater than zero.

The present invention also provides an embodiment of a
gate driving circuit generating a plurality of gate driving
signals to drive the pixels on a touch display panel according
to a group of clock signals. The gate driving circuit com-
prises a plurality of shift registers and at least one first
compensation circuit. The plurality of shift registers are
arranged to output the gate driving signals in sequence, the
plurality of shiit registers are divided into groups arranged
in sequence, and in adjacent N” and N+1” groups of shift
registers of the groups, the driving signal from a first one of
the N+17 group of shift registers is next to the driving signal
from a last one of the N group of shift registers. The first
compensation circuit is disposed between the adjacent N™
and N+17 groups of shift registers, and connected to the last
one of the N group of shift registers and the first one of the
N” group of shift registers. The first compensation circuit
provides a first control signal to enable the last one of the N**
group of shift registers to perform signal holding, and
provides a second control signal to enable the first one of the
N+17 group of shift registers to perform pre-charging,
wherein N 1s an mteger greater than zero.

The invention also provides another embodiment of a gate
driving circuit disposed on a touch display panel, and the
gate driving circuit comprises a K shift register, disposed
on a border of the touch display panel to output a K” gate
driving signal; a K+1? shift register, disposed on the border
to output a K+1? gate driving signal; and a first compensa-
tion circuit, disposed on the border to prevent a rising edge
and/or a falling edge of the K” gate driving signal from the
K™ shift register and the K+17 gate driving signal from the
K+17 shift register from being affected by a touch sensing
period of the touch display panel. K 1s an integer greater than
zero, the first compensation circuit comprises a first coms-
pensation subcircuit and a second compensation subcircuit,
and the first and second compensation subcircuits are inte-
grated into the K shift register and the K+17 shift register
respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:
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FIG. 1A 1s a diagram of an 1image display system accord-
ing to the mvention;

FIG. 1B 1s another diagram of an image display system
according to the mvention;

FIG. 1C 1s another diagram of an image display system
according to the mvention;

FIG. 2 1s a diagram of a gate driving circuit shown 1n FIG.
1A according to the mvention;

FIG. 3 shows an embodiment of a shift register according,
to the invention;

FIG. 4 1s a timing diagram of the shift register shown in
FIG. 3 during a forward scan;

FIG. 5 shows another embodiment of a shift register
according to the mvention;

FIG. 6 1s a timing diagram of the shift register shown in
FIG. S5 during a reverse scan;

FI1G. 7 shows a frame of the touch display panel according,
to the 1invention;

FIG. 8 shows another embodiment of the gate driving
circuit according to the mvention;

FIG. 9 1s a diagram of the compensation circuit according,
to the invention;

FIG. 10 shows an embodiment of a first compensation
subcircuit according to the mvention;

FIG. 11 shows an embodiment of a second compensation
subcircuit according to the mvention;

FIG. 12A 1s a timing diagram of the first compensation
subcircuit shown 1 FIG. 10 and the second compensation
subcircuit shown 1n FIG. 11;

FIG. 12B 1s a timing diagram of the first compensation
subcircuit shown i FIG. 10 and the second compensation
subcircuit shown in FIG. 11;

FIG. 13 shows another embodiment of the compensation
circuit according to the prevent mvention;

FIG. 14 shows another embodiment of the compensation
circuit according to the prevent invention; and

FIG. 15 1s a routing diagram of the gate driving circuit
according to the mvention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The description 1s made for the purpose of illustrating the
general principles of the invention and should not be taken
in a limiting sense. The scope of the ivention 1s best
determined by reference to the appended claims.

FIG. 1A shows an embodiment of an image display
system of the present invention. As shown 1n FIG. 1A, the
image display system comprises a touch display panel 101
to display images and sense the touch of an external object.
In one embodiment, the touch display panel 101 1s an 1n-cell
touch display panel, but 1t i1s not limited thereto. For
example, the touch display panel 101 can also be an on/out-
cell touch display panel, or an 1n/on-cell touch display panel.
The m/on-cell touch display panel comprises a gate driving
circuit to perform touch sensing in one direction and a
sensing electrode structure on a color filter substrate to
perform touch sensing in another direction. The touch dis-
play panel 101 comprises a gate driving circuit 110, a data
signal transmission circuit 120, a pixel matrix 130, a control
chip 140 and a touch detection circuit 150. The data signal
transmission circuit 120, the control chip 140 and the touch
detection circuit 150 can be separate chips or can be inte-
grated into a single chip, but 1t 1s not limited thereto. In some
embodiments, only the data signal transmission circuit 120
and the touch detection circuit 150 are integrated into a
single chip.
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4

The gate driving circuit 110 1s arranged to generate a
plurality of gate driving signals to drive a plurality of pixels
of the pixel matrix 130. The data signal transmission circuit
120 1s arranged to generate a plurality of data signals to
provide data to the pixels of the pixel matrix 130. For
example, the pixel matrix 130 comprises a plurality of gate
lines, a plurality of data lines and a plurality of pixels. In
some embodiments, the pixels of the pixel matrix 130 and a
plurality of sensing electrodes for touch sensing are inte-
grated together, so that the touch display panel 101 can
display 1images and sense the touch of the external object.
The control chip 140 1s arranged to generate a plurality of
control signals comprising clock signals and a start pulse.
The touch detection circuit 150 generates a touch position
data according voltages or charge variation on the sensing
clectrodes and outputs the touch position data to an external
processor for subsequent processing. For example, the sens-
ing clectrodes senses capacitance variation when the touch
display panel 1s touched by a stylus or a finger, converts the
sensed capacitance variation mto voltages, and then the
touch detection circuit 150 detects such variation. In one
embodiment, the pixel matrix 130 1s disposed on a substrate,
and the gate driving circuit 110 1s fabricated on the substrate
by amorphous silicon TFT gate driver circuit (ASG) tech-
nology to form a gate driver on panel (GOP).

Furthermore, the image display system of the present
invention can be included in an electronic device 100. The
clectronic device 100 comprises the touch display panel 101
and a power supply device 102 arranged to power the touch
display panel 101. In some embodiments, the electronic
device 100 can be a mobile phone, a digital camera, a
personal digital assistant (PDA), a mobile computer, a
desktop computer, a television, a car display, a mobile disk
player, or any device capable of displaying images. Accord-
ing to embodiments of the mnvention, the gate driving circuit
110 can output gate driving signals to the gate lines 1n
sequence with different scanning sequences (e.g., a forward
scan sequence and a reverse scan sequence) so that the video
signals on the data lines can be written to the pixels of the
pixel matrix 130 1n sequence.

FIG. 1B shows another embodiment of the image display
system of the present invention. As shown, the image
display system comprises gate driving circuits 110A and
110B. The gate driving circuit 110A 1s arranged to drive

odd-numbered gate lines, such as GL1, GL3, ..., GLX-1,
and the gate drniving circuit 110B 1s arranged to drive
even-numbered gate lines, such as GL2, GL4, . .., GLX.

The gate driving circuits 110A and 110B are disposed on
different sides of the touch display panel 101, and it 1s
beneficial to border symmetry. Specifically, the gate driving
circuit 1s divided 1nto two portions and disposed on opposite
sides of the active area (1.e., display area) to output odd-
numbered driving signals and even-numbered driving sig-
nals. This design can avoid overcrowding on the non-display
area because the gate driving circuits are disposed on one
side. Thus, the touch display panel can have a narrow border,
a uniform routing area, and identical border areas on oppo-
site sides.

FIG. 1C shows another embodiment of the image display
system of the present invention. As shown, the image
display system comprises gate driving circuits 110 and 110C
disposed on opposite sides of the active area. Each gate line
of the pixel matrix 130 1s driven by one shiit register in the
gate driving circuit 110 and one shift register 1in the gate
driving circuit 110C together so that the gate driving circuits
110 and 110C can be operated under a heavy load. For
example, i large-size panels (larger than 17 inch), the
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loading (1.e., resistance-capacitance loading) of each gate
line 1s heavy because of greater length. Thus, the gate line
GL1 1s driven by shift registers SR1 in both gate driving
circuits 110 and 110C, and so on.

FI1G. 2 1s a diagram of the gate driving circuit 110A shown
in FIG. 1A of the present invention. The gate driving circuit
110A comprises X shift registers 300 connected in series,
1.e., shift registers SR[1], SR[2], SR[3], . . . , SR[X-2].
SR[X-1] and SR[X], wherein X 1s an positive integer. Each
shift register comprises a plurality of clock input terminals
CK, a voltage mput terminal VG, a forward mput terminal
IN_F, a reverse mput terminal IN_R, an output terminal
OUT, a signal transmission terminal N, and a forward reset
input terminal REST_F and a reverse reset input terminal
REST_R. The signal transmission terminal N and the output
terminal OUT of each shiit register output the same driving
signal, so that the pulses of the driving signals are delivered
between the shift registers 1n sequence.

When the gate driving circuit 110A 1s operated 1n forward
scan, the shift registers 300 output driving signals 1n a first
sequence. For example, shift registers SR[1] to SR[X]
output driving signals OUT(1), OUT(2), OUT(3), . . .,
OUT(X-2), OUT(X-1) and OUT(X) 1mn sequence. Con-
versely, when the gate driving circuit 110A 1s operated in
reverse scan, OUT(X), OUT(X-1), OUT(X-2), OUT(3),
OUT(2) and OUT(1) are output 1n sequence.

The gate driving circuit 110 receives a plurality of control
signals comprising clock signals CK1, CK2, CK3, CK4,
CKS and CK6, start pulses STV1 and STV2, and a constant
voltage VGL, from the control chip 140. Generally, 1n the
clock signals CK1 to CK6, two sequential clock signals have
an overlapped half pulse. For example, as shown in the
timing diagram of FIG. 4, the former half pulse of the clock
signal CK2 1s overlapped with the latter half pulse of the
clock signal CK1, and the former half pulse of the clock
signal CK3 1s overlapped with the latter half pulse of the
clock signal CK2. The clock signals CK1, CK3 and CK5 are
provided to odd-numbered/even-numbered shift registers
and the clock signals CK2, CK4 and CK#é6 are provided to
even-numbered/odd-numbered shiit registers.

The start pulses STV1 and STV2 are arranged to enable
the gate driving circuit 110. As shown, the first shuft register
SR[1] of the gate driving circuit 110A receives the start pulse
STV1 at its forward mput terminal IN_F to serve as a
forward 1nput signal, and the last shift register SR[X] of the
gate driving circuit 110A receives the start pulse STV2 at 1ts
reverse input terminal IN_R to serve as a reverse input
signal. In addition, each shift register recerves the driving
signal from the previous shift register at its forward input
terminal IN_F to serve as a forward input signal and receives
the driving signal from the next shift register at its reverse
input terminal IN_R to serve as a reverse input signal.

In one embodiment of the present invention, the N shift
register receives the driving signal from the N+27 shift
register or the N+3” shift register at its forward reset input
terminal REST_F to serve as a forward reset signal and
receives the driving signal from the N-27 shift register or
the N-3” shift register at its reverse reset input terminal
REST R to serve as a reverse reset signal. In another
embodiment of the present invention, the N shift register
receives the driving signal from the N+A” shift register at its
torward reset input terminal REST_F to serve as a forward
reset signal and receives the driving signal from the N-A?
shift register at 1ts reverse reset mput terminal REST_R to
serve as a reverse reset signal, wherein A 1s equal to 1 or
larger than 1. In addition, the coupling method of the
forward and reverse reset signals of first several shift reg-
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isters and last several shift registers in the gate driving
circuit have a special design, thereby avoiding timing errors.

For example, as shown 1n FIG. 2, the reverse reset input
terminals REST_R of the shift registers SR[1], SR[2] and
SR[3] are connected to the start pulse STV1, and the forward
reset mput terminals REST_F of the shift registers SR[1],
SR[2] and SR[3] are respectively connected to the signal
transmission terminals N[4], N[5] and N[6] of the shiit
registers SR[4], SR[5] and SR][6]. The forward reset input
terminals REST_F of the shift registers SR[X-2], SR[X-1]
and SR[X] are connected to the start pulse STV2, and the
reverse reset input terminals REST_R of the shift registers
SR[X-2], SR[X-1] and SR[X] are respectively connected to
the signal transmission terminals N[X-5], N[X-4] and
N[X-3] of the shiit registers SR[X-5], SR[X-4] and SR[X-
3]. Each of the shift registers SR[4] to SR[X-3] other than
the shift registers SR[1], SR[2], SR[3], SR[X-2], SR[X-1]
and SR[X] receives the driving signal from one of the
following shiit registers at 1ts forward reset input terminal to
serve as a forward reset signal, and receives the driving
signal form one of the previous shift registers at it reverse
reset mput terminal to serve as a reverse reset signal. For
example, the forward reset input terminal REST_F and the
reverse reset input terminal REST_R of the shift register
SR[4] are respectively connected to the signal transmission
terminals of the shift register SR[7] and the shift register
SR[1], the forward reset mput terminal REST_F and the
reverse reset mput terminal REST_R of the shift register
SR[5] are respectively connected to the signal transmission
terminals of the shift register SR[8] and the shift register
SR[2], and so on.

FIG. 3 1s a circuit diagram of another embodiment of the
shift register according to the invention. FIG. 4 1s a timing
diagram of the shift register shown in FIG. 3 when operating
in the forward scan. In this embodiment, the shiit register
SR[3] is the 37 shift register in the gate driving circuit 110A
comprising a forward mput circuit 501, a reverse nput
circuit 302 and an output circuit 503. The shiit register 1s
implemented by NMOS transistors M1-M10. During the
forward scan, the transistor M3 i1s turned on because of the
pulse of the clock signal CK1, and the control node P 1s
coupled to the forward input signal N(2). At this time,
because the forward mput signal N(2) 1s maintained at a low
voltage level, the voltage at the control node P 1s maintained
at a low voltage level. When the pulse of the forward 1mnput
signal N(2) arrives, the transistor M1 1s turned on to pre-
charge the voltage at the control node P to a first high voltage
level (1.e., signal P(3) shown in FIG. 4).

Because the control terminal 1s at a high voltage level,
transistors M7 and M8 are turned on, and the pulse of the
clock signal CK3 can be delivered to the output terminal
OUT and the signal transmission terminal N. Thus, when the
transistors M7 and M8 are being turned on, the driving
signal OUT(3) and the signal N(3) have the same phase. In
addition, when the pulse of the clock signal CK3 1s at a high
voltage level, the voltage at the control node P i1s further
charged to a second high voltage level by the parasitic
capacitor (or additional coupled capacitor) to increase the
gate voltage of the transistors M7 and M8. A higher gate
voltage 1s conducive to increasing the charging speed and
the discharge speed of the output terminal OUT and the
signal transmission terminal N.

When the pulse of the clock signal CK3 i1s terminated, the
voltage at the control node P starts to discharge to the first
high voltage level because the drain voltages of the transis-
tors M7 and M8 are pulled to a low voltage level. Then,
when the pulse of the forward reset signal N(6) arrives, the
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transistor M3 1s turned on, and the control node P 1s coupled
to the constant voltage VGL and 1s further discharged to a
low voltage level.

As mentioned above, when operating in the forward scan,
the forward nput circuit acts as a primary circuit to control
the voltage at the control node P and the reverse input circuit
acts as an auxiliary circuit to assist the forward iput circuit.
Please refer to FIG. 5. The pulses of the signal N(4) and the
clock signal CKS respectively turn on the transistors M2 and
M4 to assist the signal holding and discharging of the control
node P.

FIG. 5 1s a circuit diagram of another embodiment of the
shift register according to the mvention. FIG. 6 1s a timing
diagram of the shift register shown 1n FIG. 5 when operating
in the reverse scan. In this embodiment, the shift register
SR[X-2] is the X-2" shift register in the gate driving circuit
110A comprising a forward input circuit 701, a reverse input
circuit 702 and an output circuit 703. The shiit register 1s
implemented by NMOS transistors M1-M10. During the
reverse scan, the gate driving circuit 110A 1s enabled by the
start pulse STV2, and the sequence of the clock signal CK1
to CK6 1s reverse as shown 1n FIG. 6. The transistor M4 1s
turned on because of the pulse of the clock signal CK6, and
the control node P 1s coupled to the reverse input signal
N(X-1). At this time, because the reverse input signal
N(X-1) 1s maintained at a low voltage level, the voltage at
the control node P 1s maintained at a low voltage level. When
the pulse of the reverse mput signal N(X-1) arrives, the
transistor M2 1s turned on to pre-charge the voltage at the
control node P to the first high voltage level (1.e., signal
P(X-2) shown i FIG. 6).

Because the control terminal 1s at a high voltage level,
transistors M7 and M8 are turned on, and the pulse of the
clock signal CK4 can be delivered to the output terminal
OUT and the signal transmission terminal N. Thus, when the
transistors M7 and M8 are being turned on, the driving
signal OUT(X-2) and the signal N(X-2) have the same
phase. In addition, when the pulse of the clock signal CK4
1s at a high voltage level, the voltage at the control node P
1s further charged to a second high voltage level by the
parasitic capacitor (or an additional coupled capacitor) to
increase the gate voltage of the transistors M7 and M8. A
higher gate voltage 1s conducive to increasing the charging
speed and the discharge speed of the output terminal OUT
and the signal transmission terminal N.

When the pulse of the clock signal CK4 1s terminated, the
voltage at the control node P starts to discharge to the first
high voltage level because the drain voltages of the transis-
tors M7 and M8 are pulled to a low voltage level. Then,
when the pulse of the forward reset signal N(X-5) arrives,
the transistor M6 1s turned on, so that the control node P 1s
coupled to the constant voltage VGL and 1s further dis-
charged to a low voltage level.

As mentioned above, when operating in the reverse scan,
the reverse mput circuit acts as a primary circuit to control
the voltage at the control node P and the forward input
circuit acts as an auxiliary circuit to assist the reverse mput
circuit. Please refer to FIG. 5. The pulses of the signal
N(X-3) and the clock signal CK2 respectively turn on the

transistors M1 and M3 to assist the signal holding of the
control node P.

In addition, the gate driving circuit 1s implemented by the
shift registers capable of operating 1n dual direction scans
(1.e., forward scan and reverse scan) shown in FIGS. 2-6, the
present invention 1s not limited thereto. In some embodi-
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ments, the gate driving circuit can also be implemented by
the shift registers which can only be operated 1n a single
direction (1.e., forward scan).

FIG. 7 1s a diagram of a frame of the touch display panel
according to the invention. According to some embodi-
ments, the touch display panel can be an in-cell touch
display panel, and each frame has a plurality of display
periods and a plurality of touch sensing periods. As shown,
the display periods and the touch sensing periods are
arranged alternately. More specifically, the display periods
and the touch sensing periods are periodically arranged 1n
turn 1n one frame. For example, N shift registers operating
in the display periods are divided mto M groups of shiit
registers, and each group has the same amount of shift
registers. In another embodiment, the display periods and
the touch sensing periods are a periodically arranged 1n turn
in one frame. For example, N shift registers operating in the
display periods are divided into M groups of shiit registers,
and the M groups have different amounts of shift registers.
In another embodiment, one frame has only one touch
sensing period, and the display period 1s divided into two
portions 1n this frame, and the touch sensing period 1s
arranged between the two portions. Similarly, the amounts
of the shift registers 1n the two portions of the display period
can be the same or different. Please refer to FIG. 7 again.
During each display period, one group of shiit registers in
the gate driving circuit 110 outputs a group of gate driving
signals 1n sequence to drive a group of corresponding gate
lines 1n the pixel matrix 103, and during each touch sensing
period, the sensing electrodes perform touch sensing. In
some embodiments, each touch sensing period 1s arranged
between two display periods. In FIG. 7, the display periods
and the touch sensing periods are both even. In some
embodiments, one frame has even display periods and odd
touch sensing periods or has odd display periods and even
touch sensing periods, so that the last period of the frame 1s
a display period to maintain the original display perfor-
mance of the touch display panel.

FIG. 8 1s another diagram of the gate driving circuit
according to the present invention. As shown, the gate
driving circuit comprises a plurality of shift registers con-
nected 1n sequence, such as SR[1], SR[2], SR[2K+1], and a
plurality of compensation circuits, such as PHC[1], PHC[2].
K 1s an integer greater than zero, and for example, K 1s an
integer greater than 3 in the embodiment shown in FIG. 8.
The shift registers of the gate driving circuit 1s arranged to
generate a plurality of gate driving signals 1n sequence
according to clock signals CK1 to CK6, to drive a plurality
of pixels of the pixel matrix 130. For example, the output
terminal (1.e., the terminal for outputting OUT(1)) of the
shift register SR[1] 1s connected to the gate line GL1, the
output terminal of the shift register SR|[2] 1s connected to the
gate line GL2, and so on. The shift registers are divided nto

groups arranged 1n sequence. For example, the shift registers
SR[1], SR[2], SR[K] form a first group of shiit registers, the
shift registers SR[K+1], SR[K+2], SR[2K] form a next
group (1.€., a second group) of shiit registers, and so on. The
circuit connection in the shift registers of each group i1s the
same as that shown 1n FIG. 2, and their circuit structure and
operation are the same as that mentioned i FIG. 3 to FIG.
6, and thus are omitted for brevity. In some embodiments,
the control chip 140 suspends or pauses the clocks signals
provided to the gate driving circuit during touch sensing
periods. For example, the suspended clock signal can be the
clock signals CK1 to CK6 and/or the start pulses STV1 and
STV2, but 1t 1s not limited thereto.
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The compensation circuit PHC[ 1] 1s disposed between the
last one SR[K] 1n the first group of shiit registers and a first
one SR[K+1] of the second group of shift registers, the
compensation circuit PHC[2] 1s disposed between the last
one SR[2K] in the second group of shift registers and a first
one SR[2K+1] of the third group of shift registers, and so on.
The compensation circuits disposed between two groups of
shift registers 1n embodiments of the present invention are
defined as first compensation circuits. However, the com-
pensation circuit can also be disposed next to the last one of
the all shift registers to provide a third control signal thereby
cnabling the last shift register to perform signal holding.
Because this compensation circuit enables the last shift
register to perform signal holding and does not enable the
last shitt register to perform pre-charging, this compensation
circuit next to the last shift register 1s defined as a second
compensation circuit. Each compensation circuit, such as
PHCJ[1] or PHC|2], according to first and second control
signals S1 and S2 other than the clock signals CK1 to CKa6,
enables one of the two connected shift registers to perform
pre-charging and the other of them to perform signal hold-
ing, thereby preventing a rising edge and/or falling edge of
the gate driving signals generated by the two connected shift
registers from being affected by a touch sensing period of the
touch display panel. For example, the compensation circuit
PHCJ1] enables one of the shiit registers SR[K] and SR[K+
1] to perform pre-charging and the other to perform signal
holding, thereby preventing the rising edge and/or the falling
edge of the gate driving signal of the shift registers SR[K]
and SR[K+1] from being affected by the touch sensing
period, and so on. Please refer to FIG. 12A defining the
alorementioned signal holding and pre-charging. The signal
holding means that the clock signal CK3 1s overlapped with
the first control signal S1, and 1f the touch sensing period
begins after the clock signal CK4 is terminated, the first
control signal S1 can be arranged to hold the output of the
35" shift register (it is supposed that the 357 shift register is
the last one of the first group of shift registers) when clock
signal CK4 1s interrupted. The pre-charging means when the
clock signal CK4 1s overlapped with the second control
signal S2, and the second control signal can be arranged to
maintain the output of the 36 shift register (it is supposed
that the 36” shift register is the first one of the second group
of shift registers) when the clock signal CK4 1s interrupted.
Please refer to FIG. 8 again. FIG. 8 also shows an improved
example of the falling edge and the rising edge when
operating in the gate driving circuit in the present invention.
The measured falling time (from 10% (1.e., start time) to
90% (1.e., end time) of the falling edge) of the output signal
from the output shiit register SR[K] 1s about 2.8632 us, and
the measured rising time (from 10% (1.e., start time) to 90%
(1.e., end time) of the rising edge) of the output signal from
the output shift register SR[K+1] 1s about 2.0828 us. In view
of this, there 1s no significant difference between the rising
time and the falling time of the gate driving signals in the
gate driving circuit of the present invention. For example,
the difference between the falling time of the output shift
registers SR[K] and SR[K-1] can be less than about 0.2 us,
and the difference between the rising time of the output shiit
registers SR[K+1] and SR[K+2] can be less than about 0.2
us.

Please refer to FIG. 8 and FIG. 9 at the same time. In this
embodiment, the output terminal (1.e., the terminal output-
ting OUT(K)) and/or the transmission terminal N(K) (like
the signal transmission terminal N(6)) of the shift register
SR[K] are connected to the compensation circuit PHC[1]
rather than the forward mput terminal of the shift register
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SR[K+1], and the output terminal (1.e., the terminal output-
ting OUT(K+1)) and/or the transmission terminal N(K+1) of
the shift register SR[K] are connected to the compensation
circuit PHC][1] rather than the reverse input terminal of the
shift register SR[K]. Namely, the dnving signal OUT(K) of
the shiit register SR[K] 1s not output to the forward input
terminal of the shift register SR[K+1] and the driving signal
OUT(K+1) of the shift register SR[K+1] 1s not output to the
reverse mput terminal of the shift register SR[K]. Similarly,
the output terminal of the shift register SR[2K] are con-
nected to the compensation circuit PHC[2] rather than the
forward 1mput terminal of the shift register SR[2K+1], and
the output terminal and/or the transmission terminal N(2K+
1) of the shift register SR2[K+1] are connected to the
compensation circuit PHC|2] rather than the reverse input
terminal of the shift register SR[2K], and so on. Namely, the
driving signal OUT(2K) of the shift register SR[2K] 1s not
output to the forward input terminal of the shilt register
SR[2K+1] and the driving signal OUT(2K+1) of the shift
register SR[2K+1] 1s not output to the reverse input terminal
of the shift register SR[2K], and so on.

When the gate driving circuit 1s operated 1 a forward
scan, the compensation circuit PHC[1], during a touch
sensing period, outputs a first signal P1 to a reverse input
signal of the shift register SR|K] according to the first
control signal S1 to enable the shift register SR[K] to
perform signal holding, and outputs a second signal P2 to the
forward input terminal of the shift register SR[K+1] accord-
ing to the second control signal S2 to enable the shift register
SR[K+1] to perform pre-charging. When the gate driving
circuit 1s operated 1n a reverse scan, the compensation circuit
PHCJ1], during a touch sensing period, outputs the second
signal P2 to the forward mnput signal of the shift register
SR[2K+1] according to the second control signal S2 to
cnable the shift register SR[2K+1] to perform signal hold-
ing, and outputs the first signal P1 to the reverse input
terminal of the shift register SR|K] according to the first
control signal S1 to enable the shift register SR[K] to
perform pre-charging. Operations of other compensation
circuits, such as PHC[2], are similar to that of the compen-
sation circuit PHC[1], and thus, are omitted for brevity.

Please to FIG. 9 again. FIG. 9 1s a diagram of the
compensation circuit. As shown, the compensation circuit
PHC[1] comprises a first compensation subcircuit SPHCI1
and a second compensation subcircuit SPHC2, and each of
the first compensation subcircuit SPHC1 and the second
compensation subcircuit SPHC2 has a first circuit C1/C1"
and a second circuit C2/C2". In some embodiments, the first
compensation subcircuit SPHC1 and the second compensa-
tion subcircuit SPHC2 of the compensation circuit PHC[1]
can be integrated 1nto one or more shift register respectively.
For example, the first compensation subcircuit SPHCI1 can
be integrated into the shift register SR[K] and the second
compensation circuit SPHC2 can be integrated into the shiit
register SR[K+1], but 1t 1s limited thereto. In some embodi-
ments, the first compensation subcircuit SPHC1 and the
second compensation subcircuit SPHC2 can be integrated
into one of the shift registers SR[K] and SR[K+1] together.

When the gate driving circuit 1s operated in the forward
scan, during the touch sensing period, the first circuit C1 of
the first compensation subcircuit SPHC1 outputs the first
signal P1 according to the driving signal from the W* shift
register and the first control signal S1 to enable the shift
register SR[K] to perform signal holding, and the first circuit
C1" of the second compensation subcircuit SPHC2 outputs
the second signal P2 according to the driving signal from the
M™ shift register and the second control signal S2 to enable
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the shift register SR[K+1] to perform pre-charging. In some
embodiments, W and M are integers, W 1s smaller than K
and M 1s smaller than K+1. When the gate driving circuit 1s
operated 1n the reverse scan, during the touch sensing
period, the second circuit C2" of the second compensation
subcircuit SPHC2 outputs the second signal P2 according to
the driving signal from the Y? shift register and the second
control signal S2 to enable the shift register SR[K+1] to
perform signal holding, and the second circuit C2 of the first
compensation subcircuit SPHC1 outputs the second signal
P1 according to the driving signal from the Z” shift register
and the first control signal S1 to enable the shift register
SR[K] to perform pre-charging. In some embodiments, Y
and Z are integers, Y 1s greater than K+1 and Z 1s greater
than K. For example, 1n the embodiment shown 1n FIG. 11,
WisK-1,Mi1s K, Yis K+2 and 7 1s K+1, but 1t 1s not limited
thereto. In the embodiment shown 1n FIG. 9, the first circuit
C1 and the second circuit C2 of the first compensation
subcircuit SPHC1 are reset according to the driving signals
OUT(K+3) and OUT(K-3) from the shift registers SR[K+3]
and SR[K-3] respectively. In addition, the first circuit C1°*
and the second circuit C2" of the second compensation
subcircuit SPHC2 are reset according to the driving signals
OUT(K+4) and OUT(K-4) from the shift registers SR[K+4]
and SR[K-4] respectively.

FIG. 10 shows an embodiment of the first compensation
subcircuit SPHC1 (which is illustrated using the 357 shift
register). As shown, the first compensation subcircuit
SPHC1 comprises transistors MP1 to MP5. The transistors
MP1 to MP5 can be regarded as five switches and the
switches can also be implemented by BlTs, diodes, and/or
IGBTs. In the embodiment shown in FIG. 10, the first
compensation subcircuit SPHC1 of the first compensation
circuit PHC[1] 1s coupled to the reverse input terminal (i.e.,
the connection point of the switches 421 and 422 and
corresponding to IN_R shown 1n FIG. 8) of the reverse mnput
circuit 302 of the shift register SR[35]. The transistor MP1
has a first terminal coupled to the first control signal S1, a
control terminal coupled to the control node PP335, and a
second terminal outputting the first signal P1. The transistor
MP2 has a first terminal and a control terminal which are
coupled to the dniving signal OUT(34) of the shift register
SR[34], and a second terminal coupled to the control node
PP35. The transistor MP3 has a first terminal and a control
terminal which are coupled to the driving signal OUT(36) of
the shift register SR[36] and a second terminal coupled to
the control node PP35. The transistor MP4 has a first
terminal and a control terminal which are coupled to the
driving signal OUT(38) of the shift register SR[38] and a
second terminal coupled to a constant voltage VGL. The
transistor MP5 has a first terminal and a control terminal
which are coupled to the driving signal OUT(32) of the shiit
register SR[32] and a second terminal coupled to the con-
stant voltage VGL. The first circuit C1 1s composed of the
transistors MP1, MP2 and MP4, and the second C2 1s
composed of the transistors MP1, MP3 and MPS5.

FIG. 11 shows an embodiment of the second compensa-
tion subcircuit SPHC2 (which is illustrated using the 36
shift register). As shown, the second compensation subcir-
cuit SPHC2 comprises transistors MP6 to MP10. The tran-
sistors MP6 to MP10 can be regarded as five switches and
the switches can also be mmplemented by BITs, diodes,
and/or IGBTs. In the embodiment shown in FIG. 11, the
second compensation subcircuit SPHC2 of the first compen-
sation circuit PHC[1] 1s coupled to the forward mnput ter-
minal (1.e., the connection point of the switches 412 and 411
and corresponding to IN_F shown 1n FIG. 8) of the forward
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input circuit 301 of the shift register SR[36]. The transistor
MP6 has a first terminal coupled to the second control signal
S2, a control terminal coupled to the control node PP36, and
a second terminal outputting the second signal P2. The
transistor MP7 has a first terminal and a control terminal
which are coupled to the driving signal OUT(35) of the shiit
register SR[35], and a second terminal coupled to the control
node PP36. The transistor MP8 has a first terminal and a
control terminal which are coupled to the driving signal
OUT(37) of the shift register SR[37] and a second terminal
coupled to the control node PP36. The transistor MP9 has a
first terminal and a control terminal which are coupled to the
driving signal OUT(39) of the shiit register SR[39] and a
second terminal coupled to the constant voltage VGL. The
transistor MP10 has a first terminal and a control terminal
which are coupled to the driving signal OUT(33) of the shaiit
register SR[33] and a second terminal coupled to the con-
stant voltage VGL. The first circuit C1" 1s composed of the
transistors MP6, MP7 and MP9, and the second C2" 1s
composed of the transistors MP6, MP8 and MP10. As
mentioned above, the signal transmission terminal N and the
output terminal OUT of each shiit register output the same
driving signal, so that the pulses of the driving signals are
delivered between the shift registers 1n sequence. Thus, the
driving signals received by the compensation circuits PHC
[1] and PHCJ2] can be the driving signals from the signal
transmission terminals or the output terminals of the shift
registers.

FIG. 12A 1s a timing diagram of the first and second
compensation subcircuits SPHC1 and SPHC2 shown 1n FIG.
10 and FIG. 11. During time tl1 to t2, the transistor MP2 1s
turned on according to the driving signal OUT(34), so that
the control node PP33 is pre-charged to a first high voltage.
Similarly, the control node P35 of the shift register SR[35]
1s also pre-charged to the first hugh voltage level. During
time 12 to t3, the shift register SR[335] outputs the driving
signal OUT(35) according to the clock signal CK4 and the
control node of the shift register SR[35] 1s charged to a
second high voltage level. At this time, the transistor MP6 of
the second compensation subcircuit SPHC2 1s turned on
according to the driving signal OUT(35), so that the control
node PP35 1s pre-charged to the first high voltage level.
During time t3 to t4, the transistor MP1 outputs the first
control signal S1 to the reverse mput terminal IN_R of the
shaft reglster SR[35] to serve as the first signal P1, so that the
switch 421 1s turned on to perform signal holdmg At this
time, the control node PP35 of the shift register SR[35] 1s
pulled to the second high voltage level from the first high
voltage level because of the first control signal S1.

During time t4 to t7, the touch display panel 101 enters a
touch sensing period, and thus, the control chip 104 sus-
pends or pauses the clock signals CK1 to CK6. At this time,
because the switch 421 of the shift register SR[35] 1s turned
on, the control node PP35 is pulled low to the first high
voltage level from the second high voltage level rather than
the constant voltage VGL when the clock signal CK3 1s at
the low voltage level. Namely, during time t4 to t5, shiit
register SR[35] performs signal holding on the control node
P35. During time t5 to t6, the first control signal changes to
a low Voltage level from the high voltage level, the control
node PP35 is pulled low to the first high Voltage level from
the second high voltage level, and the control node P35 of
the shift register SR[35] 1s pulled low to the constant voltage
VGL from the first high voltage level (i.e., signal holding 1s
finished). Please refer to FIG. 11 and FIG 12A at the same
time. Because the control node PP36 1s pre-charged to the
first high voltage level at time t2, the transistor MP6, during
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time t6 to t7, outputs the second control signal S2 to the
forward 1nput terminal of the shift register SR[36] to serve
as the second signal P2, so that the switch 411 1s turned on
to perform pre-charging (i.e., the control node P36 of the
shift register SR[36] 15 pre-charged to the first high voltage
level).

At time t7, the touch display panel 101 finishes the touch
sensing period and enters a next display period, and thus, the
control chip 104 recovers the clock signals CK1 to CK®6 (i.e.,
does not suspend the clock signals CK1 to CK6 and output
the clock signal CK1 to CK6 again). During time t7 to t8,
because the control node P36 of the shift register SR[36] 1s
pre-charged to the first high voltage level, the shiit register
SR[36] can output the driving signal OUT(36) immediately
when the clock signal CK4 i1s at the high voltage level.
Furthermore, the control node P36 1s also pulled high to the
second high voltage level from the first high voltage level.
During time t8 to t9, the second control signal S2 1s at the
low voltage level, the control node PP36 1s pulled low to the
first high voltage from the second high voltage level. During
time 19 to t10, the control node P36 of the shift register
SR[36] 1s pulled to the first high voltage level from the
second high voltage level when the clock signal CK4 1s at
the low voltage level. Namely, 1n the touch sensing period,
the first compensation subcircuit SPHC1 outputs the first
signal P1 according to the first control signal S1 during time
t4 to tS, to enable the shift register SR[35] to perform signal
holding. The second compensation subcircuit SPHC2 out-
puts the second signal P2 to enable the shift register SR[36]
to perform pre-charging according to the second control
signal S2, during time t6 to t7.

In view of this, the compensation circuits, such as PHCJ[1]
and PHC[2], maintain the transmission of the driving signals
between the shift registers, even i1 the clock signals CK1 to
CKé6 are suspended or paused 1n the touch sensing period.
Thus, during the touch sensing periods, output signals (i.e.,
the driving signals from the signal transmission terminals N
or the output terminals OUT) of all output shift registers,
such as SR[1] to SR[2K], have normal rising edges and
normal falling edges without improper extension, so that the
display quality of the touch display panel would not be
degraded due to the touch sensing periods. In addition, the
transistors MP4 and MPS of the first compensation subcir-
cuit SPHC1 are reset according to the driving signals
OUT(38) and OUT(32) respectively, so that the control node
PP35 1s pulled low to the constant voltage VGL. The
transistors MP9 and MP10 of the second compensation

subcircuit SPHC2 are reset according to the driving signals
OUT(39) and OUT(33) respectively, so that the control node

PP36 1s pulled low to the constant voltage VGL. FIG. 12B
1s a timing diagram showing clock signals and touch sensing
periods when operating in the reverse scan. Operations of
the gate driving circuit 1s similar to that 1llustrated 1n FIG.
12A, and thus, are omitted for brevity.

FIG. 13 shows another embodiment of the compensation
circuit. As shown, the first compensation subcircuit
SPHC1A 1s similar to the first compensation subcircuit
SPHC1 shown 1in FIG. 10, the difference 1s that the transis-
tors MP2 and MPS3 are coupled to the driving signal OUT
(33) and the transistors MP3 and MP4 are coupled to the
driving signal OUT(37). Operations of the first compensa-
tion subcircuit SPHC1A are similar to that of the first
compensation subcircuit SPHCI1, and thus are omitted for
brevity. The second compensation subcircuit SPHC2A 1s

similar to the second compensation subcircuit SPHC2
shown 1n FIG. 10, the difference 1s that the transistors MP7
and MP10 are coupled to the driving signal OUT(34) and the
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transistors MP8 and MP9 are coupled to the driving signal
OUT(38). Operations of the second compensation subcircuit
SPHC2A are similar to that of the second compensation
subcircuit SPHC2, and thus are omitted for brevity. In this
embodiment, W 1s K-2, M 1s K-1, Y 1s K+3 and 7 1s K+2,
but 1t 1s not limited thereto.

FIG. 14 shows another embodiment of the compensation
circuit. As shown, the first compensation subcircuit
SPHC1B 1s similar to the first compensation subcircuit
SPHC1 shown 1n FIG. 10, the difference 1s that the first
terminal of the transistor MP2 is coupled to a high voltage
level VGH rather the driving signal OUT(34) and the first
terminal of the transistor MP3 i1s coupled to the high voltage
level VGH rather than the driving signal OUT(36). Opera-
tions of the first compensation subcircuit SPHCIB are
similar to that of the first compensation subcircuit SPHCI,
and thus are omitted for brevity. The second compensation
subcircuit SPHC2B 1s similar to the second compensation
subcircuit SPHC2 shown 1n FIG. 10, the difference 1s that
the first terminal of the transistor MP7 1s coupled to the high
voltage level VGH rather the driving signal OUT(35) and
the first terminal of the transistor MP8 1s coupled to the high
voltage level VGH rather than the driving signal OUT(37).
Operations of the second compensation subcircuit SPHC2B
are similar to that of the second compensation subcircuit
SPHC2, and thus are omitted for brevity.

FIG. 15 1s a routing diagram of the gate driving circuit 1n
the present invention. As shown, the shift registers SR[K]
and SR[K+1] are disposed on a border of the touch display
panel 101 to output the gate driving signals 1n sequence. The
compensation circuit PHC 1s disposed between the shait
registers SR[K] and SR[K+1] on the border to prevent the
rising edge and/or the falling edge of the gate driving signal
of the shift registers SR[K] and SR[K+1] from being
allected by the touch sensing period. The first compensation
subcircuit SPHC1 of the compensation circuit PHC 1s inte-
grated into the shift register SR[K] and the second compen-
sation subcircuit SPHC2 of the compensation circuit PHC 1s
integrated into the shift register SR[K+1]. In routing,
because the elements 1n the first and second compensation
subcircuits SPHC1 and SPHC2 are usually less than that 1n
the shift register SR[K] and the first and second compensa-
tion subcircuits SPHC1 and SPHC2 are not required to be
connected to gate lines, areas (or W/L ratio) for the elements
in the first and second compensation subcircuits SPHC1 and
SPHC2 can be smaller than that of the shift register SR[K].
Thus, the embodiment shown 1n FIG. 15 can reduce the
routing area needed for the gate driving circuit by symmetri-
cal circuit design, but 1t 1s not limited thereto. It should be
noted that the operations of the shift register and the com-
pensation circuit are same as that mentioned above, and
thus, are omitted for brevity.

According to some embodiments, the compensation cir-
cuit 1s disposed between two adjacent shiit registers. The
compensation circuit enables one shift register to perform
signal holding and enables the other shift register to perform
pre-charging. Thus, a rising edge and/or falling edge of the
gate driving signals generated by the two connected shiit
registers can be less aflected by the touch sensing period of
the touch display panel.

While the invention has been described by way of
example and 1n terms of the preferred embodiments, 1t 1s to
be understood that the invention 1s not limited to the
disclosed embodiments. On the contrary, 1t 1s intended to
cover various modifications and similar arrangements (as
would be apparent to those skilled 1n the art). Theretfore, the
scope of the appended claims should be accorded the
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broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What 1s claimed 1s:

1. An 1mage display system, comprising:

a touch display panel, comprising a pixel matrix with a
plurality of pixels; and

a gate driving circuit, arranged to generate a plurality of
gate driving signals to drive the pixels on the touch
display panel according to a group of clock signals,
wherein the gate driving circuit comprises:

a plurality of shift registers, arranged to output the plu-
rality of the gate driving signals in sequence, wherein
the plurality of the shift registers are divided nto
groups arranged in sequence, and in adjacent N” and
N+17 groups of the shift registers of the groups, the
gate driving signal from a first one of the N+17 group
of the shift registers 1s next to the gate driving signal
from a last one of the N group of the shift registers;

at least one first compensation circuit, disposed between
the adjacent N” and N+17 groups of the shift registers,
and connected to the last one of the N” group of the

shift registers and the first one of the N+17 group of the

shift registers, wherein the at least one first compensa-
tion circuit provides a first control signal to enable the
last one of the N group of the shift registers to perform
signal holding, and provides a second control signal to
enable the first one of the N+1” group of the shift
registers to perform pre-charging, wherein N 1s an
integer greater than zero; and

a second compensation circuit connected to a last one of
the plurality of the shift registers to provide a third
control signal thereby enabling the last one of the
plurality of the shift registers to perform the signal
holding.

2. The image display system as claimed in claim 1,
wherein the last one of the N” group of the shift registers is
a K” shift register of the plurality of the shift registers and
the first one of the N+1? group of the shift registers is a
K+17 shift register of the plurality of the shift registers, and
the gate driving signal from the K” shift register is not
output to the K+17 shift register and the gate driving signal
from the K+17 shift register is not output to the K” shift
register, wherein K 1s an integer greater than zero, and can
be the same or different from N.

3. The image display system as claimed in claim 2,
wherein, when the gate driving circuit 1s operated 1 a
forward scan, the at least one first compensation circuit,
during a touch sensing period, outputs a first signal to a
reverse input terminal of the K shift register according to
the first control signal so that the K” shift register performs
the signal holding, and outputs a second signal to a forward
input terminal of the K+17 shift register according to the
second control signal so that the K+17 shift register pet-
forms the pre-charging.

4. The image display system as claimed in claim 3,
wherein, when the gate drniving circuit 1s operated 1 a
reverse scan, the at least one first compensation circuit
during the touch sensing period, outputs the second signal to
the forward input terminal of the K+1? shift register accord-
ing to the second control signal so that the K” shift register
performs the signal holding, and outputs the first signal to
the reverse input terminal of the K™ shift register according
to the first control signal so that the K% shift register
performs the pre-charging.

5. The image display system as claimed in claim 2,
wherein the at least one first compensation circuit comprises
a first compensation subcircuit and a second compensation
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subcircuit, each of the first and second compensation sub-
circuits has a first circuit and a second circuit, and when the
gate driving circuit 1s operated 1n a forward scan, the first
circuit of the first compensation subcircuit enables the K
shift register to perform the signal holding during a touch
sensing period according to the gate driving signal from a
W7 shift register of the plurality of the shift registers and the
first control signal, and the first circuit of the second
compensation subcircuit enables the K+1? shift register to
perform the pre-charging during the touch sensing period
according to the gate driving signal from a M™ shift register
ol the plurality of the shift registers and the second control
signal, wherein W and M are positive integers, M 1s smaller
than K+1, and W 1s smaller than K.

6. The 1mage display system as claimed in claim 5,
wherein, when the gate driving circuit 1s operated 1 a
reverse scan, the second circuit of the second compensation
subcircuit enables the K+17 shift register to perform the
signal holding during the touch sensing period according to
the gate driving signal from a Y” shift register of the
plurality of the shift registers and the second control signal,
and the second circuit of the first compensation subcircuit
enables the K” shift register to perform the pre-charging
during the touch sensing period according to the gate driving
signal from a Z” shift register of the plurality of the shift
registers and the first control signal, wherein Y and Z are
positive mtegers, Y 1s greater than K+1, and Z 1s greater than
K.

7. The 1mage display system as claimed in claim 6,
wherein the first compensation subcircuit comprises:

a first switch, having a first terminal coupled to the first
control signal, and a second terminal coupled to a
reverse input terminal of the K shift register;

a second switch, coupled between a control terminal of
the first switch and the gate driving signal of the W
shift register;

a third switch, coupled between the control terminal of the
first switch and the gate driving signal of the Z% shift
register;

a fourth switch, between the control terminal of the first
switch and a constant voltage; and

a fifth switch, between the control terminal of the first
switch and the constant voltage, wherein control ter-
minals of the fourth and fifth switches are coupled to
the corresponding gate driving signals, respectively.

8. The 1mage display system as claimed 1 claim 7,
wherein the second compensation subcircuit comprises:

a sixth switch, having a first terminal coupled to the

second control signal, and a second terminal coupled to
a forward input terminal of the K+17 shift register;

a seventh switch, coupled between the control terminal of
the first switch and the gate driving signal of the M™
shift register:;

an eighth switch, coupled between the control terminal of
the first switch and the gate driving signal of a Y shift
register;

a ninth switch, between the control terminal of the first
switch and the constant voltage; and

a tenth switch, between the control terminal of the first
switch and the constant voltage, wherein control ter-
minals of the ninth and tenth switches are coupled to
the corresponding gate driving signals, respectively.

9. The image display system as claimed in claim 1,
wherein the touch display panel comprises:

the gate driving circuit, arranged to generate the plurality
of the gate driving signals according to the group of
clock signals;
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a data transmission circuit, arranged to generate a plural-
ity of data signals and provide the data signals to the
pixels of the pixel matrix; and

a control chip, arranged to provide the group of clock
signals to control the plurality of the shift registers,
wherein the control chip suspends or pauses the group
of clock signals during touch sensing periods of the
touch display panel.

10. A gate driving circuit generating a plurality of gate
driving signals to drive pixels on a touch display panel
according to a group of clock signals, the gate driving circuit
comprising:

a plurality of shift registers, arranged to output the plu-
rality of the gate driving signals in sequence, wherein
the plurality of the shift registers are divided nto
groups arranged in sequence, and in adjacent N” and
N+17 groups of the shift registers of the groups, the
gate driving signal from a first one of the N+1” group
of the shift registers 1s next to the gate driving signal
from a last one of the N group of the shift registers;

at least one first compensation circuit, disposed between
the adjacent N and N+1” groups of the shift registers,
and connected to the last one of the N* group of the

shift registers and the first one of the N+17 group of the

shift registers, wherein the at least one first compensa-
tion circuit provides a first control signal to enable the
last one of the N group of the shift registers to perform
signal holding, and provides a second control signal to
enable the first one of the N+17 group of the shift
registers to perform pre-charging, wherein N 1s an
integer greater than zero; and

a second compensation circuit connected to a last one of
the plurality of the shift registers to provide a third
control signal thereby enabling the last one of the
plurality of the shift registers to perform the signal
holding.

11. The gate driving circuit as claimed 1 claim 10,

wherein the last one of the N” group of the shift registers is
a K? shift register of the plurality of the shift registers and
the first one of the N+1” group of the shift registers is a
K+17 shift register of the plurality of the shift registers, and
the gate driving signal from the K shift register is not
output to the K+17 shift register and the gate driving signal
from the K+17 shift register is not output to the K” shift
register, wherein K 1s an integer greater than zero, and can
be the same or different from N.

12. The gate driving circuit as claimed in claim 11,
wherein, when the gate driving circuit 1s operated i a
forward scan, the at least one first compensation circuit,
during a touch sensing period, outputs a first signal to a
reverse input terminal of the K shift register according to
the first control signal so that the K” shift register performs
the signal holding, and outputs a second signal to a forward
input terminal of the K+17 shift register according to the
second control signal so that the K+17 shift register per-
forms the pre-charging.

13. The gate driving circuit as claimed i1n claim 12,
wherein, when the gate driving circuit 1s operated 1 a
reverse scan, the at least one {first compensation circuit
during the touch sensing period, outputs the second signal to
the forward input terminal of the K+17 shift register accord-
ing to the second control signal so that the K shift register
performs the signal holding, and outputs the first signal to
the reverse input terminal of the K™ shift register according
to the first control signal so that the K?” shift register

performs the pre-charging.
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14. The gate drniving circuit as claimed in claim 11,
wherein the at least one first compensation circuit comprises
a first compensation subcircuit and a second compensation
subcircuit, each of the first and second compensation sub-
circuits has a first circuit and a second circuit, and when the
gate driving circuit 1s operated 1n a forward scan, the first
circuit of the first compensation subcircuit enables the K”
shift register to perform the signal holding during a touch
sensing period according to the gate driving signal from a
W™ shift register of the plurality of the shift registers and the
first control signal, and the first circuit of the second
compensation subcircuit enables the K+1? shift register to
perform the pre-charging during the touch sensing period
according to the gate driving signal from a M™ shift register
of the plurality of the shiit registers and the second control
signal, wherein W and M are positive integers, M 1s smaller
than K+1, and W 1s smaller than K.

15. The gate driving circuit as claimed in claim 14,
wherein, when the gate driving circuit 1s operated 1 a
reverse scan, the second circuit of the second compensation
subcircuit enables the K+17 shift register to perform the
signal holding during the touch sensing period according to
the gate driving signal from a Y? shift register of the
plurality of the shift registers and the second control signal,
and the second circuit of the first compensation subcircuit
enables the K” shift register to perform the pre-charging
during the touch sensing period according to the gate driving
signal from a Z” shift register of the plurality of the shift
registers and the first control signal, wherein Y and Z are
positive itegers, Y 1s greater than K+1, and Z 1s greater than
K.

16. The gate driving circuit as claimed in claim 185,
wherein the first compensation subcircuit 1s 1ntegrated into
the K™ shift register and the second compensation subcircuit
is integrated into the K+17 shift register.

17. The gate driving circuit as claimed in claim 185,
wherein the first compensation subcircuit comprises:

a first switch, having a first terminal coupled to the first
control signal, and a second terminal coupled to a
reverse input terminal of the K shift register;

a second switch, coupled between a control terminal of
the first switch and the gate driving signal of the W
shift register;

a third switch, coupled between the control terminal of the
first switch and the gate driving signal of the Z% shift
register;

a fourth switch, between the control terminal of the first
switch and a constant voltage; and

a fifth switch, between the control terminal of the first
switch and the constant voltage, wherein control ter-
minals of the fourth and fifth switches are coupled to
the corresponding gate driving signals.

18. A gate drniving circuit disposed on a touch display

panel, wherein the gate driving circuit comprises:

a K™ shift register, disposed on a border of the touch
display panel to output a K” gate driving signal;

a K+17 shift register, disposed on the border to output a
K+1” gate driving signal; and

a first compensation circuit, disposed on the border to
prevent a rising edge and/or a falling edge of the K”
gate driving signal from the K” shift register and the
K+17 gate driving signal from the K+17 shift register
from being aflected by a touch sensing period of the
touch display panel, wherein K 1s an integer greater
than zero, the first compensation circuit comprises a
first compensation subcircuit and a second compensa-
tion subcircuit, and the first and second compensation
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subcircuits are integrated into the K” shift register and
the K+17 shift register respectively.
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